The epidemal growth factor receptor (EGFR) gene has been found to be amplified and/or expressed at high levels in various types of tumor cells including A431 human epidermoid carcinoma cells [12, 13, 16] . Although the over-production of EGFR protein generally correlates with an elevated level of its mRNA, it does not always accompany EGFR gene amplification [4, 18] . Therefore, to understand better the mechanism of abnormal expression of the gene, cellular analysis of transcriptional factors trans-acting on EGFR gene is required.
Recently, Kageyama et al. have found that EGFR transcription factor (ETF) specifically stimulates EGFR gene transcription [2, 3] and that GC factor (GCF) conversely represses the transcription of the gene [1] . Thereafter, biochemical analyses on a mass of cells or tissues were conducted to clarify the expression of these transcription factors and their roles in the regulation of EGFR gene expression. However, cellular understanding of the expression of the transcription factors was only poor, because of lack of appropriate antibodies.
Very recently, we have developed a method to localize specific DNA binding proteins using haptenized double-stranded (ds) DNAs containing specific consensus base sequences [6-8 , 267 Correspondence to: Dr Ko Komuta1 and Dr. Takehiko Koji2, [6, 10] .
In this study, as the first step to clarify the relationship between EGFR gene expression and their trans-acting transcriptional factors, ETF and GCF, we attempted to localize the transcription factors by southwestern histochemistry in the fresh frozen sections of A431 human epidermoid tumors, using digoxigenin (Dig) labeled ds oligonucleotides as probes.
As a result, we obtained specific signals for ETF successfully with a modified protocol, and they were localized to the perinuclear regions as well as the nuclei in a speckled pattern in A431 tumor cells. which was recognized as GCF reponsive element [1] . The third set (91 base pair (bp) oligo-DNA) was corresponding to the entire 91bp regulatory region of EGFR (nucleotide no. -201 to -292), including both ETF and GCF responsive elements. These synthesized oligo-DNAs were purified by an OPC column and were labeled at 3'-end with Dig-11-dUTP by terminal deoxynucleotidyl transferase [5] .
Polyacrylamide gel electrophoresis (PAGE) analysis of annealed ds oligo-DNA The (+) and (-) strands of each synthesized oligoDNAs were mixed, denatured and annealed with different protocols; 1) boiling for 5min and incubation at (Tm-25) 75 . 5 In-Situ Localization accordance with the above results, the ETF Dig-ds oligo-DNA probe gave essentially the same staining pattern with the 91bp ds oligo-DNA, while the GCF ds oligo-DNA probe gave only a weak nucleolar staining (data not shown). In addition, when a section was digested with RNase before the reaction with the labeled 91bp ds oligo-DNA, the nuclear staining was not altered, indicating that the nuclear staining was not due to nuclear RNA (data not shown).
IV. Discussion
For a better understanding of the regulation of gene expression, an analysis at a transcriptional level in individual cells is essential. In the present study, we attempted to examine the expression of transcription regulatory factors of the EGFR gene in human A431 epidermoid carcinoma cells by means of southwestern histochemistry.
The lines of trials and errors to optimize experimental conditions required for the new technology finally enabled us to obtain the specific perinuclear and nuclear signals for ETF. The intensity of ETF signals fluctuated among cells, permitting us to predict that the level of EGFR mRNA expression may also be variable among cells.
For the cellular localization of ETF and GCF, we conducted southwestern histochemistry, in which a tissue section is reacted with haptenized ds oligo-DNA harboring specific consensus base sequences and finally the signal is visualized enzyme-immunohistochemically with HRPlabeled antibody. The method is based on a principle that transcriptional factors recognize specific DNA sequences and bind to them [6] [7] [8] 10] . Since antibodies against ETF and GCF are not currently available, southwestern histochemistry can be considered as only one method to offer a useful information on the expression of these transcriptional factors in individual cells.
During our efforts to improve the protocol of southwestern histochemistry, we were aware of the fact that a complete annealing of (+) and (-) strands of probe DNA is essential for reproducible and intense signals and the best protocol.
Also, we found that the best signal/ noise ratio was obtained at 150mM NaCl in the reaction mixture; at the lower concentration of NaCl, we encountered a high background staining, and at the higher concetration, an abrupt loss in the staining happened.
The EGFR gene is the cellular homolog of the v-erbB oncogene. In various tumors, over-expression of EGFR protein is well known [11] [12] [13] 16] , and it has often been a main subject for analysis of the mechanism underlying the abnomal nature of their cell growth [4, 18] . Although in some cases amplification of EGFR gene [12] was the cause of the elevated level of EGFR expression , the over-expression of EGFR without its gene amplification was also reported [4, 18] . In A431 cells, which reveal an extremely high level of EGFR gene expression , the rearrangement as well as amplification of the EGFR gene have been observed and both alterations have been proposed as possible causes of over-expression of EGFR gene [4, 18] . In this study, we raised a possibility of involvement of other factor in the over-expression of EGFR gene, namely an elevated level of ETF expression.
Actually, we could not detect a GCF band in the southwestern blot with the 91 bp ds oligo-DNA probe, even though the probe sequences contained the GCF responsive element at two sites. Consistent with the blotting result, the staining with the 91 bp ds oligo-DNA probe in the frozen sections of the A431 tumor was mostly abolished by the competition with unlabled ETF ds oligo-DNA, but not unlabeled GCF ds oligo-DNA. Considering that GCF was originally discovered in A431 cells, our failure to find the GCF signals with the 91bp ds oligo-DNA probe may reflect that the number of GCF is only less than our detection sensitivity.
Alternatively, the tertiary structure of the 91 bp ds oligo-DNA may hide the GCF responsive element sites not to be reactive with the GCF protein.
In this context, it should be noted that with the Dig-labeled GCF ds oligo-DNA probe, a faint, but reproducible staining of nucleoli was found in the frozen sections of the A431 tumor. Anyway, for more convincing detection of GCF our protocol will have to be further improved in the future.
Finally, we succeeded to localize ETF, an enhancer protein of EGFR gene, in the frozen sections of A431 tumor and the signals were found in the perinuclear region as well as the nucleus in a speckled fashion. The research to correlate the ETF expression with the degree of EGFR mRNA expression at the level of individual cells is now in progress in our laboratory, by using southwestern histochemistry and in situ hybridization [6, 11] . By combining these methods, a much more precise understanding of the states of gene expression will be obtained in individual cells.
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